As the complexity of the semiconductor process becomes more and more complex. The types and functions of production equipment involved in the semiconductor industry are also increasing. This paper studies and analyzes SEMI E5, E37, E30, E39, E40, E94, E87, E90, E84 and other related standards. Design and develop networked control software for equipment and plant automation (FA) system according to SEMI international standards.
INTRODUCTION
Semiconductor fabrication process becomes more and more complex as the key dimensions of semiconductor equipment decrease, the integration level increases and the wafer diameter increases. The level of machine automation for semiconductor equipment also improves [1] . The types and functions of the equipment involved in the semiconductor industry are increasing with the increase of automation. The level of automation of the semiconductor manufacturing factory based on automatic production equipment directly affects the future development of the semiconductor manufacturing factory.
To realize the automation of semiconductor factory, we need to achieve horizontal integration and vertical integration among enterprises. As the process is different in the whole production line, the equipment has different characteristics and the equipment provided by each equipment manufacturer is not the same. Therefore, the difficulty and complexity of factory automation is increased. In the semiconductor manufacturing industry, the application of automation in domestic enterprises is still in its infancy due to various technologies mainly rely on imports.
Semiconductor Equipment and Materials International (SEMI) has formulated international standards for equipment automation. The factory automation (FA) system network control software is a bridge between the IC equipment and the host system in the factory to realize information exchange and system integration. It requires the host meet the SEMI communication protocol standard to communicate with the equipment in the factory. Equipment manufacturers, as long as they meet the standards of communication standards, can be quickly integrated into the factory, that will improve the automation level of the factory, increase the efficiency of equipment installation, and then improve the output of production.
FACTORY AUTOMATION
Factory Automation (FA) also known as workshop automation. It refers to the comprehensive automation of the whole factory, which includes the automation of design, manufacture and processing, enterprise internal management, market information processing and information flow between enterprises. It is also listed as the six leading new technologies in the world with information and communication, office automation, new materials, bioengineering, health care and medical technology. Its conventional composition is to connect various processing automation equipment and flexible production line (FML), cooperate with computer-aided design (CAD) and computer-aided manufacturing (CAM) systems, coordinate work under the unified management of the central computer, and make the whole factory produce. Achieve comprehensive automation.
HIGH EFFICIENCY AND STABLE COMMUNICATION TECHNOLOGY BASED ON SEMI STANDARDS
At present, SEMI (Semiconductor Equipment and Materials International) has issued a number of international standards related to the semiconductor industry, including communication standards, production process organization and management standards, material transport and tracking standards, cassette reprint standards, equipment management standards and so on. These standards specify all aspects of the semiconductor manufacturing process and provide a set of practical environmental protection, safety and hygiene guidelines for semiconductor integrated circuit manufacturing equipment. It is suitable for all equipments used for chip fabrication, measurement, assembly and testing. This paper studies and analyzes SEMI E5, E37, E30, E39, E40, E94, E87, E90, E84 and other related standards. As shown in Figure 1 . Design and develop networked control software for equipment and plant automation (FA) system according to SEMI international standards.
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STANDARD FRAMEWORK FOR COMMUNICATION STANDARD SECS/GEM FOR SEMICONDUCTOR EQUIPMENT
SECS protocol is a point to point protocol based on RS-232 or TCP/IP protocol. It is made up of SECS I/HSMS, SECS II and GEM[2] [3] . As shown in Figure 2 .
The above three standards regulate how the host set up communication with the equipment, and the two sides can get the corresponding information through communication. However, in fact, the equipment may only need some part of the SECS-II to make the factory host control the equipment, and do not need to use all the information of the SECS-II. So the standard of E30 GEM (universal equipment model communication and control standard) has been worked out. It defines the standards of semiconductor equipment performance seen through communication links. It is to quote some part of SECS-II information, match the state model and the script of the factory to standardize the usage time of the message, in order to achieve the specific monitoring purpose. [4] In a simple way, GEM defines the behavior of semiconductor equipment seen from the host side, and defines which SECS-II messages will be used in which state.
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TCP/IP Equipment manufacturers can be quickly integrated into the factory as long as they meet the requirements of communication standards.
DESIGN AND IMPLEMENTATION OF FACTORY AUTOMATION NETWORKED CONTROL SOFTWARE IN ACCORDANCE WITH SEMI STANDARDS.
Software architecture
The Factory Automation (FA) networked control software is a bridge between the IC equipment and the factory host system to realize the information exchange and system integration. It requires the communication with the factory host to meet the SEMI communication standard [4] . It receives the control instructions sent by the factory host, and then sends it to the equipment after internal analysis and processing, which realizes the remote management and control of the equipment end. At the same time it can also receive the real-time data and various process parameters sent by the equipment, and then process and encapsulate it to the factory host. It is convenient for managers to manage and monitor the operation state of equipment.
Considering the actual needs of the factory, the factory automation networked control software in accordance with SEMI standards uses the SECS/GEM communication standard as the universal communication standard interface for all equipment. The equipment can be quickly integrated into the factory, as long as it meets the communication standards. It can not only shorten the time and cost of equipment development, but also increase the efficiency of equipment installation in order to achieve rapid mass production and increase output.
The architecture of the factory automation networked control software in accordance with SEMI standards is shown in Figure 3 , which is divided into the FA library part and the client part. It is used to coordinate wafer import and export of semiconductor equipment. This standard is mainly used to check the carrier identification, map the wafer, and manage the function of the carrier buffer control. The E90 substrate tracking module provides the tracking function of the wafer in the whole processing process. It defines the concept and behavior of the substrate, which is usually be used to locate the current position of the wafer and the processing procedure and so on. The E94 control job module defines the concept and behavior of Control Job. A Control job represents a workflow, which includes one or more process jobs. It coordinates the deployment of the material, unified management, and batch work by organizing the associated process jobs. The standard requires FA software to receive the control operations of the remote factory host, such as created Control job operation and create process job operation, including the operation of start, pause, terminate Control job and process job.
Implementation of FA Library
The FA library of the factory automation networked control software in accordance with SEMI standards is developed by C#, and an independent DLL is used to encapsulate the interface. Take Control Job module as an example to introduce the realization of specific modules. The block diagram of the program is shown in Figure 4 .
Control Job Service The communication between Control Job module and host is based on three communication services such as E5, E30 and E39, which encapsulate three classes. The OBJ Management class is used to encapsulate the basic properties and methods of the Control Job object. The Message handle class encapsulates the message handling function, which is responsible for the response and processing of the host's messages. The FA user interface class provides a second development interface for users. The client can interact with the host more flexibly according to the actual demand.
Implementation of FA client
The FA client part uses the C# control technology to develop the software, which is mainly used for data transmission and command interaction between semiconductor equipment and factory host. It includes command distribution function, wafer processing management function, alarm function, wafer tracking function, equipment status monitoring function, wafer position recovery function, and FA automatic scheduling function.
Command distribution function: the user can operate the equipment manually (including the wafer processing management and equipment control, etc.). The command of the operation can be carried out in each module of the corresponding device which is directly distributed by the control system. After the command is received by the equipment, it will work according to the specified requirement.
The wafer processing management function: the user can create the information of the wafer to be processed on the software interface, cancel the processing when the wafer is being processed, and stop process the wafer in the queue.
Alarm function: When an error occurs during the processing of the wafer or the user make an incorrect operation on the equipment, the control system can feed the alarm message provided by the equipment to the GUI interface and give a hint to the user.
Wafer tracking function: When the wafer is in processing, it needs to be moved from the FOUP to the reaction chamber of the equipment. During this period, the control system can read the location information of the equipment and track the location information of the wafer.
Equipment status monitoring function: When the equipment has abnormal problems during the processing, the control system can get its status information and feedback it to the user interface.
Wafer position recovery function: when the wafer has abnormal problems in the processing, the control system can return the wafer to the initial position in the equipment.
FA automatic scheduling function: The control system can receive commands issued by the FA program, and automatically create and process corresponding tasks accordingly.
The main functional interface is shown in Figure 5 .
CONCLUSION
Semiconductor chip manufacturing is one of the most complex processes that human beings have ever created so far. Intelligent manufacturing is required to improve production efficiency. The future development of the semiconductor manufacturing plant will benefit from the following factors: 1) understanding and application of SEMI standards, 2)boosting the production capacity by improvement of the automation level in the semiconductor manufacturing industry.
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